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米 SnO2 颗粒，并与碳气凝胶、石墨烯材料进行复合，以改善 SnO2 电化学稳定性。
主要内容如下： 
1. 采用水热合成法与固相合成法制备了纳米 SnO2 材料，通过 XRD、SEM
表征和恒流充放电测试等方法，评价它们的电化学性能。讨论了材料尺度对其电
化学性能的影响。 





3. 采用常温合成法与水热合成法制备 SnO2/GNS 复合材料，改变不同锡盐
原料水热合成制备 SnO2/GNS 复合材料，优化了制备条件。用 TG/DTA、XRD、
SEM 和 TEM 等测试手段对材料进行了表征，评价这些材料的电化学性能。通过
水热合成法制备了夹层状的 SnO2/GNS 复合材料，这种结构的复合材料的循环性
能和倍率性能优秀，SnO2 的利用率高。 
4. 首次提出利用草酸亚锡与溶剂乙二醇的低聚反应原位合成 SnO2/GNS 复
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合材料，并且与水热合成法制备的 SnO2/GNS 复合材料的结构和电化学性能进行
了比较。该合成方法简单，产量高，适合大量制备 GNS 复合材料。 
5. SnO2 由于其嵌脱锂机理中存在不可逆的嵌锂过程，在充放电的过程中首
圈不可逆容量损失严重，并且在循环过程中体积膨胀严重会导致材料循环衰减。
研究表明，将 SnO2 与 GNS 复合能有效地提高 SnO2 材料的电化学性能；GNS 能
够稳定和维持充放电过程中复合材料的整体结构，同时抑制和缓冲 SnO2 的体积
膨胀，提高 SnO2+4Li→2Li2O+Sn 反应的可逆程度，因而减小了材料的首圈不可
逆容量损失，增大 SnO2 的可逆容量，提高材料的循环寿命和倍率性能。 















Lithium ion batteries have been widely used in all kinds of portable electronics 
and communicational devices. However, the application of lithium ion batteries into 
the automobile industry to develop electronic vehicles (EV) and hybrid electronic 
vehicles (HEV) requires higher energy density and power density, which is a great 
challenge for the traditional cathode and anode materials of lithium ion batteries. 
Tin dioxide (SnO2) is considered as an alternative anode material for lithium ion 
batteries because of its relatively high theoretical capacity (790mAh/g), high lithium 
packing density, and proper operating voltage. However, the commercial use of SnO2 
is greatly hindered by its poor cyclability, which results from its severe volume 
variation to accommodate 4.4 Li every Sn atom. This work focuses on minimizing the 
particle sizes of SnO2, fabricating SnO2/carbon composites to get a well dispersed 
nano-sized SnO2/carbon structrure, and consequently the cyclic performance of SnO2 
would be improved. 
Nano-sized SnO2 materials are synthesized via hydrothermal method and solid 
state reactions. They were generally characterized by XRD, SEM, TEM, and 
galvanostatically tested to evaluate their electrochemical performance. The influence 
of the particle sizes of SnO2 on their electrochemical performance was discussed.  
SnO2/carbon xerogel composites were fabricated using vacuum infiltration 
method and facile mixing method to study the influence of carbon matrix. The 
nano-sized SnO2 nanoparticles were encapsulated within the three dimensional carbon 
networks or adhered on the surface of the carbon xerogel. The electrochemical tests 
show that the carbon xerogel can work as rigid conductive matrix and improve the 
cyclability of SnO2. 
SnO2/graphene nanosheets (GNS) were prepared to improve the cyclability and 
rate performance of the material. TG/DTA, XRD, SEM and TEM were used to 
understand the structure, morphology and fabrication process of the composite 
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material. The composite showed good dispersion of SnO2 nanoparticles on both sides 
of the GNS, which could provide a large contact surface and volume expansion space 
for the well-adhered SnO2 particles. Such kind of structure can stabilize the SnO2 
nanoparticles during the charge-discharge cycles, thus improved the electrochemical 
performance of the material. 
We employed oligomerization of tin glycolates to synthesize SnO2/GNS 
composites through an in-situ fabrication. This method is facile for mass production 
and improves the utilities of graphene nanosheets. 
GNS can effectively improve the electrochemical performance of SnO2 material 
by functioning in many aspects. First, GNS separate the particles of SnO2 and save 
them from aggregation during the charge-discharge process, thus maintaining the 
integrity of the composite structure. Second, GNS provide a buffering space for the 
volume expansion of SnO2 during cycling. Third, the direct contact between GNS and 
SnO2 raise the reversibility of SnO2+4Li→2Li2O+Sn and improve the initial 
coulumbic efficiency and reversible capacity of the material. Further more, the GNS 
layers work as a conductive agent to provide a highway for electron transport, so the 
rate performance of the composites was improved. 
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N2O 等温室气体含量增加，造成特别是近 30 年来全球气温升高明显。气候变化
问题已成为世界能源发展新的制约因素，也是世界石油危机后推动节能和可替代
清洁能源发展的主要驱动因素。 







锂电池的研究起始于 20 世纪 50、60 年代，起初，锂二次电池是以锂金属为
负极。但是由于金属锂电极表面的均匀性很难控制，在充电过程中容易造成锂的
不均匀沉积而产生树枝状的锂“枝晶”，当枝晶发展到一定程度时会穿过隔膜，
造成内部短路，产生瞬间大电流，因而存在严重的安全隐患。在 20 世纪 80 年代
末、90 年代初，人们发现可用具有石墨结构的碳材料取代金属锂负极，正极采
用过渡金属的复合氧化物如氧化钴锂，电解质用含有LIPF6 的EC或DMC有机溶液






































































图 1.1 锂离子电池放电过程示意图  [8]
Fig 1.1 Schematic description of discharge process of lithium ion battery  
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